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Abstract 
The types of New Public Transit System are analysed first, and then technical characteristics of tram, BRT and trolleybus are 
compared, components of composite cost are put forward, a model for composite cost calculation of New Public Transit System 
based on a low-carbon economy perspective is constructed, conditions and rules of selecting New Public Transit System under 
different passenger flow conditions are analysed, and finally effectiveness and feasibility of the model are verified through 
examples.
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1. Introduction 
New Public Transit System is the general name for public transport modes that are newly developed and have 
such characteristics as high speed, punctuality, comfort and low pollution and their operation service systems, 
including multiple transport systems such as tram, trolleybus, BRT and pedestrian assistance systems. In recent 
years, as people have a growing awareness of environmental protection, low-carbon travel has become an important 
development direction of urban public transport, new vehicles featuring energy saving, environmental protection, 
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high efficiency and beauty have become more and more popular, and how to select New Public Transit System for 
different objective environment has become an issue that urgently needs to be addressed. 
Domestic and overseas scholars have had discussions on the issue. Kühn F [1] discussed the selection of BRT or 
light rail transit- he thought that BRT can be the first choice of medium-sized cities and light rail can be built when 
passenger flow keeps increasing to a certain extent or funds are sufficient. Hass-Klau, C. [2] conducted comparative 
analysis of bus and light rail in such aspects as finance, operation and demand. Luke, Stephen et al. [3] compared 
different public transport modes and introduced their application in main countries. Scherer Milena [4] analyzed the 
reason why light rail is more attractive than bus transit. Domestic scholars- Li Yuanyuan et al. [5] analyzed technical 
and economical characteristics of common public transport modes by using multi-attribute decision-making method. 
From the above, we can see that domestic and overseas scholars studied the selection of New Public Transit 
System from such perspectives as economy and operation but did not have an in-depth analysis of system selection 
from the low carbon perspective and did not consider the impact of such factors as carbon tax on cost. This paper 
tries to analyze New Public Transit System from the perspective of low-carbon economy, with the aim to establish a 
selection method for New Public Transit System based on low carbon concept. 
2.  Analysis of Types of New Public Transit System 
2.1.  System Definition 
There is no strict and uniform definition for New Public Transit System yet. In a narrow sense, it refers to 
Automated Guideway Transit (AGT); in a broad sense, it is the general name for new transport modes developed to 
overcome the defects of the existing transport modes in environment and operation or to satisfy transportation 
demand which cannot be satisfied by the existing transport modes and their new operation services. Seen from the 
relation between user density and trip distance, service gap exists in traditional vehicles except railway and bus, 
including continuous transportation system suitable for sidewalks, rail transit system with medium and low 
transportation volume, and trackless transportation system suitable for buses. There are many types of New Public 
Transit System, and this paper mainly conducts detailed analysis of systems most widely used such as tram, 
trolleybus, BRT and guided bus. 
Fig. 1. Analysis of application range of urban vehicles 
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2.2. Comparative Analysis of Characteristics 
As to lane systems of modern tram (including steel wheel tram on steel rail and rubber wheel tram on guideway), 
bus rapid transit (BRT) and trolleybus, the three systems have relatively similar transport capacity and can satisfy 
the corridor demand on passenger flow of about 3,000-10,000 person-times/h, among which BRT system can satisfy 
higher passenger flow demand through flexible design and operation organization. The three systems have relatively 
similar form of choosing the right of way, form of lane setting and form of station setting. 
(1) Steel Wheel Tram on Steel Rail and Rubber Wheel Tram on Guideway 
Modern trams can meet the demand on passenger flow of 3,000-10,000 person-times/h directionally. The 
designed speed is 70-80km/h. Passengers can get on and get off horizontally. Multiple power supply modes such as 
overhead power line, third rail and storage battery can be used. “Zero emission” can be basically realized. Running 
noise is even lower than that of urban background traffic. 
Modern trams can be classified into two types- steel wheel tram on steel rail and rubber wheel tram on guideway 
based on running system. Basic technical characteristics are as follows: 
Table 1.  Performance comparison between steel wheel tram on steel rail and rubber wheel tram on guideway 
Main Indicators 
Steel Wheel Tram on Steel Rail 
(Citadis)
Rubber Wheel Tram on 
Guideway(Translohr) 
Size 
Vehicle length 22-50 25-46 
Vehicle width 2.3-2.65 2.2 
Transport capacity (person-
times/h) 
Specified number of passengers 176 167 
Technical performance 
Maximum speed (km/h) 70 70 
Maximum gradient 8 13 
Maximum turning radius (m) 20 11 
Power supply mode (kinds) 3 2 
Judging from basic technical performance, rubber wheel tram on guideway can adapt to bigger gradient and 
smaller turning radius while steel wheel tram on steel rail has advantages of big transport capacity and diversified 
power supply modes. 
Judging from economic performance, construction cost of 70% low-floor steel wheel tram on steel rail 
domestically manufactured per kilometer is about RMB40.00 million (including vehicle purchase cost), and vehicle 
purchase cost will be much higher if 100% low-floor steel wheel tram on steel rail imported is used. Thus, if 100% 
low-floor modern trams imported are used only, purchase cost per vehicle is RMB20.00-30.00 million and purchase 
cost of rubber wheel tram on guideway is relatively higher; as to rubber wheel tram on guideway, its line 
construction cost is relatively high as its construction technology is not mature in China and its repair & 
maintenance facility needs to be set up separately as it cannot be connected with the existing rail transit system. 
As for rubber wheel tram on guideway, there are few manufacturers, localization rate is low, vehicles and spare 
parts basically rely on import, and ordering time is long and purchase cost is relatively high; domestic manufacturers 
have the capability to manufacture 70% low-floorsteel wheel tram on steel rail and are vigorously promoting R&D 
and manufacture of 100% low-floor light rail vehicles. From the perspective of economical sustainability, steel 
wheel tram on steel railis more dominant. 
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Table 2. Comparison of construction cost between domestic steel wheel tram on steel rail and domestic rubber wheel tram on 
guideway 
Type Modern Zhangjiang Tram Dalian Tram #202Transformation Project 
Line length 9km 12.6km 
Right-of-way form Right of way is shared Right of way of over 80% is separated 
Bridge section length ˉ 1.92km 
Construction cost of line 
Nearly RMB600.00 million 
(construction cost of new line: about 
RMB60.00 million/km) 
RMB290.00 million 
(transformation cost of 6.9km line: RMB18.85 million/km; 
construction cost of 5.7km new line: RMB28.06 million/km) 
Unit price of vehicle RMB30.00 million RMB4.00 million 
Specified number of 
passengers 
167persons 242persons 
Departure interval 8 minutes 2.5 minutes 
Vehicles allocated 9 vehicles 30 vehicles 
Vehicle expenses RMB270.00 million RMB120.00 million 
Table 3.  Comparison of expenses between steel wheel tram on steel rail and rubber wheel tram on guideway 
 Vehicle Type 
Specified Number of 
Passengers
Unit Price Year 
Nantes Bombardier Incentro 260persons EUR2.06 million 2005 
Orleans Alstom Citadis 176persons EUR1.80 million 2000 
Clermont-Ferrand Lohr Translohr 167persons EUR2.15 million 2000 
 (2) Tram, BRT and NewTrolleybus 
From the perspective of low-carbon travel, BRT uses fossil fuel energy which can cause a certain degree of 
pollution to urban environment, while tram and trolleybus generally use electric traction relying on water power, 
wind power and nuclear energy power generation which cause relatively smaller impact on the environment. In 
recent years, with the increase of stress on ecological environment, carbon tax system has been put on agenda 
worldwide. For example, France has preliminarily determined the standard of carbon tax imposed to be EUR17.00 
for per ton of carbon dioxide; relevant domestic departments such as Ministry of Finance have carried out 
preliminary studies and analysis of imposing carbon tax and put forward an initial program on imposing carbon tax 
to replace energy tax. Thus, the impact of carbon tax on construction cost should be taken into consideration while 
analyzing the selection of vehicles. 
From the perspective of economic performance, investment cost and operation years of tram, trolleybus and BRT 
are different. To compare economic performance, comprehensive cost-effectiveness should be analyzed through 
comprehensive analysis of such expenses as construction cost, operation cost, maintenance cost and energy 
consumption cost. Specific calculation methods are analyzed in detail in subsequent sections. 
Table 4. Unit price of construction of tram, trolleybus and brt 
Construction Cost Unit Price of Infrastructure Purchase Cost of Each Vehicle Vehicle Service Life 
Modern tram RMB60.00-70.00 million RMB20.00-30. 00 million 30 years 
Newtrolleybus RMB30.00-40.00 million RMB4.00 million 20 years 
BRT RMB20.00-40.00 million RMB2.00 million 10 years 
89 Li weiwei et al. /  Procedia Engineering  137 ( 2016 )  85 – 93 
3. Composite Cost Model Construction 
Based on analysis above, cost of tram, trolleybus and BRT systems mainly includes infrastructure construction 
cost, vehicle purchase cost, infrastructure maintenance cost, vehicle maintenance cost, energy consumption during 
operation and carbon tax. 
 Departure Frequency 
V  refers to maximum sectional passenger flow of some line unidirectionally during peak hours. 
1, 2,3iC i 3 refers to standard passenger capacity of BRT, tram and trolleybus, among which 1 represents BRT, 2 
represents trolleybus and 3 represents tram. Departure frequency can be calculated based on the formula below: 
1,2,3i
i
V
f i
C
3 3    (1)         
 Number of Vehicles Allocated for Line 
2 1,2,3i in f i3 3    (2)         
  Average Annual Infrastructure Construction Cost 
1, 2,3ia i 3  refers to total investment in infrastructure construction. 1,2,3im i 3  refers to life cycle of different 
types of New Public Transit System. Average annual infrastructure construction cost iA  can be calculated based on 
the formula below: 
1,2,3ii
i
a
A i
m
3 3    (3)         
 Average Annual Vehicle Purchase Cost 
1,2,3ir i 3  refers to unit price of vehicle. Average annual vehicle purchase cost iB  can be calculated based on 
the formula below: 
* *
2 1,2,3i i ii
i i i
r n r V
B i
m m C
3 3 3    (4)         
 Maintenance Cost 
1,2,3id i 3  refers to average annual infrastructure maintenance cost per kilometer. l  refers to line length. 
Average annual infrastructure maintenance cost can be calculated based on the formula below: 
* 1,2,3i iD d l i3 3    (5)         
Similarly, if 1,2,3ie i 3  refers to maintenance cost per vehicle per kilometer, 1,2,3iv i 3  refers to running 
speed of New Public Transit System and a vehicle runs 8 hours every day on average, average annual vehicle 
maintenance cost can be calculated based on the formula below: 
* * * *8*365 2920 * * * 1,2,3ii i i i i i
v
E e n l e n v i
l
3 3 3   (6)         
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If 1,2,3ig i 3  refers to energy consumption during operation per vehicle per kilometer per day, average annual 
energy consumption cost during operation can be calculated based on the formula below: 
* * * *8*365 2920 * * * 1,2,3ii i i i i i
v
G g n l g n v i
l
3 3 3   (7)           
 Energy Consumption Cost 
With the increasing attention to low-carbon travel, exhaust gas emission has had a growing impact on selection of 
New Public Transit System. 
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Fig. 2.  Comparison Chart on Pollutant Emissions between Car, Bus, Trolleybus and Tram 
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The calculation method of carbon tax is used, which includes the impact of exhaust gas emission on environment 
and cost in comparative system. If average annual diesel consumption of BRT is ip litres, carbon dioxide produced 
for per litre of diesel consumed is iq  kilograms and carbon tax imposed for per kilogram of carbon dioxide is 
RMB iw , carbon tax expense iH  can be calculated based on the formula below: 
1,2,3i i i iH p q w i3 3  (8)          
 Composite Cost 
Composite cost iS  of New Public Transit System can be calculated based on the formula below: 
1,2,3i i i i i i iS A B D E G H i3 ! ! ! ! ! 3   (9)          
4. Case Analysis of System Selection 
The corridor of some line is 20 km long, maximum sectional passenger flow unidirectionally is 10,000 person-
times/h, and passenger capacity of optional BRT, trolleybus and tram is 150 persons/vehicle, 180 persons/vehicle 
and is 250 persons/vehicle respectively; unit price of BRT, trolleybus and tram is RMB2.00 million, RMB4.00 
million and RMB20.00 million respectively; based on construction experience of similar cities, total infrastructure 
investment is predicted to be RMB200.00 million, RMB500.00 million and RMB1.30 billion respectively; average 
annual infrastructure maintenance cost per kilometer is RMB16,500.00/km, RMB33,500.00/km, and 
RMB110,000.00/km respectively; maintenance cost of BRT, trolleybus and tram per vehicle per kilometer is 
GBP0.58, GBP0.43 and GBP0.64 respectively [6], and energy consumption cost per vehicle per kilometer is 
RMB2.16, RMB0.54 and RMB0.90respectively; carbon dioxide emission of per litre of diesel is 2.7kg, carbon tax 
imposed for per ton of carbon dioxide is EUR17.00, and diesel consumption of BRT per vehicle per kilometer is 
0.56L. Average annual composite cost of different types of New Public Transit System selected for passenger flow 
corridors is calculated below. 
4.1.  Case Analysis 
Based on the model constructed above, itcan be calculated by using the corresponding formula. 
Average annual composite cost 1S of BRT is: 
1 1 1 1 1 1 1
1 1
1 1 1 1 1 1 1 1 1 1
1 1 1
*
153.0
2 * 2920 *
0
* * 2920 * * *
S A B D E G H
a r V
d l e
RMB millio
n v g n v
n
p q w
m m C
3 ! ! ! ! !
3 ! ! ! ! !
3
  (10)          
Similarly, S2=RMB94.00 million, and S3=RMB149.00 million. 
Thus, if maximum sectional passenger flow unidirectionally is 10,000 person-times/h, average annual composite 
cost of trolleybus is the lowest, that of steel wheel tram on steel rail is higher, and that of BRT is the highest. 
4.2.  Rules Mining 
Based on above analysis, average annual composite cost of different types of New Public Transit System changes 
with the change of passenger flow. Under the condition that other parameters are determined, curves on composite 
cost corresponding to different maximum sectional passenger flow unidirectionally are drawn below. 
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Fig.3. Graph on change trend of composite cost of brt, trolleybus and tram corresponding to different maximum sectional passenger flow 
unidirectionally 
The following rules can be found from the graph above: 
x Rule 1: overall, average annual composite cost of trolleybus is the lowest; economic performance of trolleybus is 
the best as electric power is used for operation and its infrastructure construction cost is low. 
x Rule 2: when maximum sectional passenger flow unidirectionally during peak hours is lower than 8,000 person-
times/h, average annual composite cost of BRT is lower than that of tram, and trolley bus system can be used on 
BRT corridor which is more economical and environment-friendly. 
x Rule 3: when maximum sectional passenger flow unidirectionally during peak hours is higher than 8,000 person-
times/h, passenger flow corridor is obvious and average annual composite cost of BRT is higher than that of tram, 
so using tram system is more economical and environment-friendly. 
5.  Research Prospects 
Apart from composite cost, research on selection of New Public Transit System should also consider terrain 
conditions of urban street which includes such conditions as turning radius, line gradient, power supply mode, city’s 
financial capability and city’s climatic environment (such as whether it freezes easily in winter). Future studies can 
consider including multiple factors in system selection evaluation system, in order to further establish a scientific 
selection theory system for New Public Transit System. 
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